Abstract: A series of new 3-[(5-aryl-1,3,4-oxadiazol-2-yl)methy])benzo[d]thiazol-2(3H)-ones were synthesized by reaction of (5-substituted-2-oxobenzothiazolin-3-yl)-acetohydrazide with various aromatic acids in POCl 3 under reflux conditions. The structures of the title compounds were confirmed by 1 H-NMR, 13 C-NMR, IR, MS and elemental analysis. Furthermore, the structure of compound 4i was determined by single-crystal X-ray diffraction. The preliminary bioassy results indicated that some of them showed moderate inhibition activity against Colletotrichum orbiculare, Botrytis cinerea and Rhizoctonia solani.
Introduction
Benzothiazole derivatives have been found to exhibit broad spectrum of biological effects, such as insecticidal [1] , fungicidal [2] , antiviral [3] , herbicidal [4] and plant-growth-regulating [5] activities, and thus play an important role in research and development of agrochemicals. Meanwhile, 1,3,4-oxadiazole derivatives have gained great importance because of their diverse biological properties, such as insecticidal [6] , herbicidal [7] and antifungal [8] activities, and some of them have
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been successfully commercialized [9, 10] . Several synthetic methods for 1,3,4-oxadiazoles were reported. Traditionally, they can be prepared by cyclization of the corresponding acyclic semicarbazide or thiosemicarbazide derivatives using a variety of reagents, including POCl 3 [11] , PCl 5 [12] , PPA [13] , (CF 3 CO) 2 O [14] and so on. Nowadays, new synthetic approaches to 1,3,4-oxadiazoles have been developed, such as microwave assisted synthesis [15] , solid phase synthesis [16] , Pd-catalyzed [17] and solvent-free [18] methods.
In view of these facts, and as a continuation of our ongoing project aimed at looking for novel biologically active sulfur and nitrogen linked heterocyclic compounds [19] [20] [21] , a series of new 3-[(5-aryl-1,3,4-oxadiazol-2-yl)methyl]benzo[d]thiazol-2(3H)-ones were synthesized, and their antifungal activities were evaluated.
Results and Discussion
The synthetic route to the title compounds 4a-4v is shown in Scheme 1. Substituted 2(3H)-benzothiazolones 1 were obtained by the cyclization of 4-substituted-2-aminothiophenol with triphosgene, which was seldom reported. The reaction of 1 with ethyl chloroacetate in the presence of potassium carbonate gave the ethyl 2-(2-oxobenzothiazolin-3-yl)acetates 2. Their acetohyrazides 3 were produced by reaction of compounds 2 and hydrazine hydrate. Finally, the title 3-[(5-aryl-1,3,4-oxadiazol-2-yl)methyl]benzo[d]thiazol-2(3H)-ones 4a-v were obtained in 69.0-93.2% yields by refluxing acetohydrazides 3 and an aromatic acid in POCl 3 . In general, the yields of compounds 4 bearing chloro in the 5-position are lower than those possessing a hydrogen at that position. Their structures were confirmed by 1 H-NMR, 13 C-NMR, IR, MS and elemental analysis. In the 1 H-NMR spectra of title compounds 4, the peaks of the 3-position methylene groups appear in the δ 5.41-5.51 ppm range, and in the corrsponding 13 C-NMR spectra, they appear in the δ 36.67-37.22 ppm range. In the IR spectra of compounds 4a-v, the characteristic ν (C=O) stretching vibration signals appear at 1667-1703 cm When compound 4i was recrystallized by slow evaporation from acetone, a single crystal was obtained and analyzed by X-ray diffraction crystallography. The molecular structure of compound 4i is shown in Figure 1 and the packing of the molecule in crystal lattice is illustrated in Figure 2 . Its crystal structure is of monoclinic system, space group C2/c with a = 2.718 (2) nm, b = 1.2432 (10) nm, c = 0.9425 (8) nm, α = 90°, β = 108.666 (14)°, γ = 90°, V = 3.017 (4) nm 3 , Z = 8. The bond length of N(2)-N(3) is 0.1420 nm, which is shorter than the normal single N-N bond length (0.1450 nm). The bond lengths are 0.1388 nm and 0.1285 nm for N(1)-C(7) and N(2)-C(9), respectively, which are shorter than the normal single N-C bond length (0.1470 nm) and hence indicative of some double bond character. In the molecular structure of 4i, the CH 2 group is nearly perpendicular to the phenyl ring and oxadiazole ring with a θ angle of 110.5° , The oxadiazole ring (O2, C9, N2, N3, C10), phenyl  ring (C11, C12, C13, C14, C15, C16), and benzothiazole (C1, S1, C2, C3, C4, C5, C6, C7, N1) The in vitro antifungal activities of 4a-v against Colletotrichum orbiculare, Botrytis cinerea and Rhizoctonia solani at the dosage of 50 μg/mL were evaluated compared with the commercial fungicide propiconazole. The antifungal activity data are listed in Table 1 . The preliminary bioassay results showed that all compounds exhibited certain inhibitory activity against all the tested fungi, and some of them possessed moderate antifungal activity. For example, compounds 4d, 4l, 4n, 4s and 4u exhibited more than 50% inhibitory activity against C. orbiculare, and compounds 4a, 4k, 4l and 4q displayed greater than 50% inhibition activity against R. solani, but their activities were still lower than that of the control fungicide (propiconazole), while most of compounds 4a-v showed activities against B. cinerea higher than propiconazole, especially compounds 4i, 4l, 4m, 4n, 4o and 4u showed above 60% inhibition activity against B. cinerea. The activity data indicated that compounds 4a-v did not exhibit improved inhibition when a chlorine atom was introduced in 5-position. In general, the compounds bearing an electron-withdrawing group (e.g., halogen and nitro) or methoxy on the aromatic ring (Ar), exhibited higher activity against B. cinerea than those bearing an alkyl substituent. It is also note worthy that the inhibition rates of 4a-v against R. solani evidently went up when a fluorine atom was introduced on the aromatic ring, especially in the para-position (i.e., compound 4l, which exhibited 76.37% inhibitory activity). Further studies on structural optimization and structure-activity relationships of these title compounds are in progress.
Experimental

Materials and Reagents
Melting points were determined using an X-4 apparatus without calibration. 1 H-NMR and 13 C-NMR spectra were measured on a Bruker ADVANCE III instrument (500 MHz) using TMS as an internal standard and CDCl 3 or DMSO-d 6 as solvents. IR spectra were obtained on a Thermo Nicolet AVATAR 370 FT-IR instrument with KBr plates. Mass spectra were recorded on a Thermo Scientific ITQ 1100TM (EI) or Thermo-Finnigan LCQ-Advantage (ESI) instruments. Elemental analyses were performed on a Vario EL elemental analyzer. X-ray diffraction crystallography was measured on Rigaku Saturn 724 diffractometer. The reaction progress was monitored by TLC plates running in a PE-EtOAc solvent system, and spots were visualized by exposure to UV light (254 nm). All chemical reagents and solvents used in this study were commercial and were used without further purification.
Chemical Synthesis
5-Substituted-2(3H)-benzothiazolones 1a-b
4-Substituted-2-aminothiophenol (0.10 mol) and Et 3 N (33.8 mL, 0.24 mol) were dissolved in CHCl 3 (30 mL), cooled to 0 °C, and a solution of triphosgene (10.5 g, 0.035 mol) in CHCl 3 (15 mL) was added dropwise. The resulting mixture was refluxed for 7 h, and then cooled to room temperature, washed with H 2 O (3 × 50 mL), the organic layer was dried over anhydrous MgSO 4 and evaporated in vacuo. The residual solid was recrystallized from ethyl acetate to give pure 5-substituted-2(3H)-benzothiazolone (1). 
2(3H)-Benzothiazolone
Ethyl 2-(5-substituted-2-oxobenzothiazolin-3-yl)acetates 2a-b
A mixture of 5-substituted-benzo[d]thiazol-2(3H)-one 1 (0.1 mol), potassium carbonate (15.9 g, 0.115 mol) and acetone (180 mL) was placed in a flask under stirring. Ethyl chloroacetate (0.11 mol) was added dropwise to the mixture and then refluxed for 6 h. The reaction mixture was next cooled and poured into ice-water. The precipitate formed was filtered and recrystallized from ethanol to give the corresponding ethyl 2-(5-substituted-2-oxobenzothiazolin-3-yl)acetate 2. 
(5-Substituted-2-oxobenzothiazolin-3-yl)-acetohydrazides 3a-b
A solution of ethyl (5-substituted-2-oxobenzothiazolin-3-yl)acetate 2 (0.01 mol) and hydrazine hydrate 85% (0.2 mol) in ethanol (100 mL) was refluxed while stirring for 24 h. Then the reaction mixture was cooled, and the precipitate formed was filtered, washed with water and dried to give (5-substituted-2-oxobenzothiazolin-3-yl)-acetohydrazide 3.
(2-Oxobenzothiazolin-3-yl)-acetohydrazide (3a): 1.86 g, yield 83.5%, white solid, m.p. 211-212 °C (211 °C, lit [24] ). 
General Procedure for the Synthesis of Title Compounds 4
A mixture of (5-substituted-2-oxobenzothiazolin-3-yl)-acetohydrazide 3 (1 mmol), the corresponding aromatic acid (1.05 mmol) and POCl 3 (5 mL) was heated under refluxing for 8 h. A portion of the POCl 3 was distilled out and the remaining reaction mixture poured into ice-water. The precipitate formed was filtered and then was purified by column chromatography with PE-EtOAc (V:V = 3:1) to obtain the title 3- 5-(2-Methoxyphenyl)-1,3,4-oxadiazol-2-yl) C-NMR, IR, MS and elemental analysis. Furthermore, the structure of compound 4i was determined by single-crystal X-ray diffraction. The biological evaluation showed that some of them exhibited moderate inhibition activity against Colletotrichum orbiculare, Botrytis cinerea and Rhizoctonia solani, and could be useful lead compounds for fungicide development.
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3-[(5-(2,4-Dichlorophenyl)-1,3,4-oxadiazol-2-yl)methyl]benzo[d]thiazol-2(3H)-one (4j
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.
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